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TXHVWLRQRIDXWKHQWLFLW\RIWKHLQVWUXPHQW
:KHQLQWHUSUHWLQJWKHUHVXOWVRIGHQGURFKURQRORJLFDO
GDWLQJZHPXVWWDNHLQWRDFFRXQWWKDWGHQGURFKURQRORJ\
GH¿QHV WKH GDWH LH WKH FDOHQGDU \HDU LQZKLFK WKH \RXQJHVW
PHDVXUHGWUHHULQJZDVIRUPHG7KHGHQGURFKURQRORJLFDO
GDWHFRUUHVSRQGVWRWKHWHUPLQXVSRVWTXHPDQGLQGLFDWHV
WKDWWKHLQVWUXPHQWZDVIDEULFDWHGDIWHUWKHJLYHQ\HDU
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7KHLQVWUXPHQWXVXDOO\GRHVQRWFRQWDLQWKHWUHHULQJ
WKDWZDV IRUPHG LPPHGLDWHO\ EHIRUH WKH WUHHZDV IHOOHG
'XULQJWKHIDEULFDWLRQRIWKHLQVWUXPHQWWKHHQWLUHVDSZRRG
RUVRPHWLPHVDW OHDVWVRPHWUHHULQJVIURPWKHSHULSKHU\
RIWKHERDUGVWHPDUHXVXDOO\UHPRYHG)XUWKHUPRUHWKH
VHDVRQLQJRIWKHZRRGIRULQVWUXPHQWVRIWHQODVWVVHYHUDO
\HDUV'XHWRWKLVLWLVRIWHQLPSRVVLEOHWRWHOOH[DFWO\KRZ
PDQ\ \HDUV VKRXOG EH DGGHG WR WKH GHQGURFKURQRORJLFDO
GDWH)RUVRPHLQVWUXPHQWPDNHUVHJ*XDUQHULGHO*HV
LWKDVEHHQVKRZQWKDWWKHWLPHEHWZHHQWKH\RXQJHVWWUHH
ULQJDQGWKHGDWHVRQWKHODEHOVZHUHYHU\FORVH./(,1
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7KLVLQGLFDWHVWKDW
WKH\UHPRYHGRQO\IHZULQJVIURPWKHSHULSKHU\,QRWKHU
FDVHV WKH PDNHUV UHPRYHG D JUHDW QXPEHU RI WKH ULQJV
IURPWKHSHULSKHU\RUHYHQWKHHQWLUHVDSZRRG,QWKHFDVH
RI6WDLQHUWKHUHZDVDVDUXOHDJUHDWHUGLIIHUHQFHEHWZHHQ
WKHGHQGURFKURQRORJLFDOO\REWDLQHGGDWHVDQGWKHGDWHVRQ
WKHODEHO%(87,1*./(,1
$W WKH ,QVWLWXWHRI:RRG%LRORJ\RI WKH8QLYHUVLW\
RI+DPEXUJRYHUPXVLFLQVWUXPHQWVKDGEHHQGDWHG
XQWLOHJ%(87,1*&XUUHQWO\WKHODERUDWRU\
IRU GHQGURFKURQRORJLFDO LQYHVWLJDWLRQV RQ PXVLFDO
LQVWUXPHQWV DQG DUW REMHFWV RI0LFKD %HXWLQJ ZRUNV RQ
DSSUR[LPDWHO\  WUHHULQJ VHTXHQFHV PDLQO\ GHULYHG
IURPPHDVXUHPHQWVRQLQVWUXPHQWV%DVHGRQWKLVGDWDEDVH
UHIHUHQFH FKURQRORJLHV KDYH EHHQ EXLOW IRU GLIIHUHQW
JHRJUDSKLFDO DUHDV DQG SURGXFHUV 6XFK FKURQRORJLHV
SURYLGHDQLPSRUWDQWVRXUFHRILQIRUPDWLRQIRUGHWHUPLQLQJ
WKHRULJLQRIWKHZRRG(VWDEOLVKLQJWKHRULJLQRIWKHZRRG
E\WUHHULQJDQDO\VLVLVFDOOHGGHQGURSURYHQDQFLQJ
%HXWLQJVKRZHGWKDWLWZDVSRVVLEOHWRGH¿QH
WKH DUHD IURPZKLFK WKH IDPRXV YLROLQPDNHUV REWDLQHG
PRVWRIWKHZRRGIRUWKHLULQVWUXPHQWV7KHZRRGZDVDV
DUXOHQRWWUDQVSRUWHGRYHUORQJGLVWDQFHVDOWKRXJKVXFK
ORQJGLVWDQFHWUDQVSRUWFDQQRWEHHQWLUHO\H[FOXGHG
,QFDVHRIVWULQJLQVWUXPHQWVWKHGHQGURFKURQRORJLFDO
DQDO\VLV LV PDGH E\ PHDVXULQJ WUHHULQJ ZLGWKV RQ WKH
XSSHU SDUW RI WKH LQVWUXPHQW EHOO\ZKLFK LV LQ XVXDOO\
PDGHRIWZRRUUDUHO\RQHUDGLDOERDUGRI1RUZD\VSUXFH
3LFHD DELHV .DUVW ,Q WHUPV RI TXDOLW\ VXFK ZRRG
XVXDOO\FRUUHVSRQGVWRUHVRQDQFHZRRG7KHSURSHUWLHVRI
UHVRQDQFH ZRRG DUH QRW H[DFWO\ VWDQGDUGL]HG 6WDWLVWLFDO
DQDO\VLVRIZRRGLQGLIIHUHQWLQVWUXPHQWVKHOSHGWRFODVVLI\
WKHWUHHULQJZLGWKVLQUHVRQDQFHZRRG%(87,1*
%(87,1*$FFRUGLQJWRWKHVHVWXGLHVVSUXFHZRRG
XVHGIRUYLROLQEHOOLHVKDGDPHDQWUHHULQJZLGWKRI
PP6XFKZRRGLVFODVVL¿HG DV ³¿QH JUDLQHG´ ZRRG
7UHHULQJ PHDVXUHPHQWV PXVW EH GRQH LQ D QRQ
GHVWUXFWLYHZD\RQWKHVXUIDFHRIWKHEHOO\,WLVQRUPDOO\
YDUQLVKHG WKHUHIRUH LW LV RIWHQ GLI¿FXOW WR UHFRJQL]H WKH
WUHHULQJV 'HQGURFKURQRORJ\ GHWHUPLQHV WKH FDOHQGDU
\HDU RI WUHHULQJ IRUPDWLRQ DQG KHOSV XV WR HVWLPDWH WKH
WLPHRIIDEULFDWLRQRIWKHLQVWUXPHQW%HVLGHVWKLVLWLVDOVR
YHU\LPSRUWDQWWRGH¿QH WKH DXWKHQWLFLW\ RI WKH LQVWUXPHQW
SDUWLFXODUO\ ZKHQ H[SHQVLYH H[HPSODUV RI SURGXFHUV
OLNH 6WUDGLYDUL *XDUQHUL RU$PDWL DUH LQ TXHVWLRQ (DFK
LQVWUXPHQWXVXDOO\KDVDODEHORQWKHLQVLGHRIWKHUHVRQDQFH
ERG\ ZKHUH WKH SURGXFHU DQG WKH \HDU RI IDEULFDWLRQ
DUH LQGLFDWHG 6HYHUDO VWXGLHV UHSRUW WKDW VXFK ODEHOV DUH
RIWHQDOWHUHGRUIDNHGHJ%(87,1**5,66,12
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:H SUHVHQW GHQGURFKURQRORJLFDO DQDO\VLV RI WZR
YLROLQVIURPSULYDWHFROOHFWLRQVLQ6ORYHQLD7KHREMHFWLYH
RIWKHZRUNZDVWRGDWHWKHZRRGRIWKHEHOO\WRHYDOXDWH
WKHWLPHRIYLROLQV¶IDEULFDWLRQWRHVWLPDWHWKHSURYHQDQFH
RIWKHZRRGDQGWRWHVWZKHWKHUWKHODEHORQWKHLQVWUXPHQW
LVDXWKHQWLF
0DWHULDOVDQGPHWKRGV
0DWHULDOLQPHWRGH
:HLQVSHFWHGWZRYLROLQVIURPSULYDWHFROOHFWLRQVLQ
6ORYHQLD7KHYLROLQZDVLQYHVWLJDWHGLQ7KHEHOO\
ZDVPDGHRIRQHUDGLDOERDUGRIVSUXFH3LFHDDELHV7KH
LQVWUXPHQWFRQWDLQHGWKHODEHOZKLFKLQGLFDWHGWKDWLWZDV
PDGHE\)UDQFLVFR6WUDGLYDULIURP&UHPRQDLQ
7KH YLROLQ ZKRVH EHOO\ZDVPDGH RI WZR UDGLDO
ERDUGVRIVSUXFHZDV LQYHVWLJDWHG LQ  ,WFRQWDLQHG
WZRODEHOVRQHRIWKHPLQGLFDWHGWKDWWKHLQVWUXPHQWZDV
PDGHE\$QGUHD*XDUQHULIURP&UHPRQDLQZKHUHDV
WKHVHFRQGODEHOFRQWDLQHGWKHQXPEHU%RWKODEHOV
ZHUHKDQGZULWWHQ
,Q ERWK FDVHV ZH PHDVXUHG WKH GLPHQVLRQV RI WKH
LQVWUXPHQW)LJXUHDQGLGHQWL¿HG WKH ZRRG VSHFLHV XVHG
WRPDQXIDFWXUH  GLIIHUHQW SDUWV RI WKH LQVWUXPHQWV 7KHQ
ZHLQVSHFWHGWKHEHOO\DQGVHOHFWHGWKHORFDWLRQVIRUWUHH
ULQJPHDVXUHPHQWV0HDVXUHPHQWVZHUH GRQHZKHUH WKH
QXPEHUDQG UHVROXWLRQRI WUHHULQJVZHUHRSWLPDO ,Q WKH
YLROLQ  ZH PHDVXUHG WUHHULQJV VHSDUDWHO\ RQ WKH EDVV
DQG  WUHEOH VLGHV :H PHDVXUHG WUHHULQJ ZLGWKV WR WKH
QHDUHVWPPXVLQJ/,17$%PHDVXULQJWDEOH76$3
:LQSURJUDPPH DQG2O\PSXV6= VWHUHRPLFURVFRSH
)LJXUH7KHPHDVXUHPHQWVZHUHUHSHDWHGLQGHSHQGHQWO\
E\WZRSHUVRQV
7KH UHVXOWV ZHUH SORWWHG DV WUHHULQJ ZLGWK VHULHV
YHUVXVWLPH7KHWUHHULQJVHULHVRI WKHVDPHREMHFWZHUH
FURVVGDWHGYLVXDOO\DQGVWDWLVWLFDOO\LQRUGHUWRLGHQWLI\DQG
FRUUHFW SRVVLEOHPHDVXULQJ HUURUV GXH WR SRRU UHVROXWLRQ
RIWKHULQJV'XULQJWKHQH[WVWHSVWUHHULQJVHULHVRIWKH
LQVWUXPHQWZHUHMRLQHGLQWRWKHDYHUDJHLHWKHFKURQRORJ\
RIWKHLQVWUXPHQW$IWHUZDUGVWKH\ZHUHFURVVGDWHGZLWK
VHYHUDO UHIHUHQFH FKURQRORJLHV RI WKH ODERUDWRULHV DW WKH
8QLYHUVLW\RI+DPEXUJ8QLYHUVLW\RI/MXEOMDQD8QLYHUVLW\
RI1DWXUDO5HVRXUFHVDQG$SSOLHG/LIH6FLHQFHVLQ9LHQQD
DQG/DERUDWRU\IRU'HQGURFKURQRORJLFDO,QYHVWLJDWLRQVRQ
0XVLFDO,QVWUXPHQWVDQG$UW2EMHFWVLQ+DPEXUJ:HDOVR
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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E\ WKH VDPH VKRS RU HYHQ WKH VDPH LQVWUXPHQW PDNHU
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RQEDVVDQGWUHEOHVLGHV7KHJRRGDJUHHPHQWRIWUHHULQJ
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 GDWXP]DGQMHEUDQLNH LQ NURQRORJLMD LQãWUXPHQWRYPNB
FHORWHQþDVRYQLUD]SRQNLMLKMHL]GHODOD6WDLQHUMHYDGHODYQLFDWDQNDNULYXOMD
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
&RQFOXVLRQV
6NOHSL
$FFRUGLQJ WR RXU NQRZOHGJH WKH SUHVHQWHG
LQYHVWLJDWLRQ FRQGXFWHG LQ  DQG   LV WKH ¿UVW
GHQGURFKURQRORJLFDO GDWLQJ RI PXVLFDO LQVWUXPHQWV
LQ 6ORYHQLD 7KH UHVXOWV FRQ¿UP WKDW WKH XVH RI
GHQGURFKURQRORJ\ DQG FRRSHUDWLRQ RI ODERUDWRULHV IURP
WKHWKUHHFRXQWULHVLVPHDQLQJIXO
7KHUHVXOWVVKRZWKDWERWKLQVWUXPHQWVZHUHPDGHLQ
ZRUNVKRSVRXWVLGH6ORYHQLDDQGWKDWWKHZRRGRULJLQDWHV
IURPWKH1RUWKHUQ$OSVLQ$XVWULDRU*HUPDQ\7KHSUHVHQWHG
GDWLQJ LVYHU\ UHOLDEOH ,QERWKFDVHVZHKDYH UHSHDWHGO\
FRQ¿UPHG WKH GDWLQJ E\ XVLQJ D OLVW RI FKURQRORJLHV DQG
E\REWDLQLQJKLJKDQGVWDWLVWLFDOO\VLJQL¿FDQW FURVVGDWLQJ
SDUDPHWHUV
,IZH XVHGRQO\  WKH UHIHUHQFHFKURQRORJLHVRI WKH
ODERUDWRU\LQ/MXEOMDQDDQGWKRVHSXEOLFO\DYDLODEOHIURP
WKH LQWHUQDWLRQDO GDWDEDVH ,75'% WKH GDWLQJ ZRXOG QRW
KDYH EHHQ  SRVVLEOH RU  ZRXOG KDYH EHHQ OHVV UHOLDEOH
1HLWKHUFRXOGZHXVHGHQGURSURYHQDQFLQJWRSUHVXPHWKH
DUHDRIWKHRULJLQRIWKHZRRG
0DQ\ 6ORYHQLDQ IRUHVWHUV DQG ZRRG WHFKQRORJLVWV
EHOLHYHWKDWPDQ\IDPRXV(XURSHDQYLROLQSURGXFHUVPDGH
WKHLULQVWUXPHQWVRIUHVRQDQFHVSUXFHZRRGIURP3RNOMXND
6ORYHQLD2XUUHVXOWVGRQRWVXJJHVWWKDWWKHZRRGRIWKH
WZRYLROLQVPLJKWRULJLQDWH IURP6ORYHQLD 3RNOMXND VR
WKLVTXHVWLRQUHPDLQVRSHQIRUIXWXUHUHVHDUFK
6XPPDU\
3RY]HWHN
'HQGURNURQRORJLMD MH VSORãQR VSUHMHWD PHWRGD WXGL
]D XJRWDYOMDQMH VWDURVWL JODVEHQLK LQãWUXPHQWRY SRVHEHM
JRGDO3ULGDWLUDQMXXJRWRYLPRYNDWHUHP OHWX MHQDVWDOD
QDMPODMãD EUDQLND QD LQãWUXPHQWX ]DWR XJRWRYOMHQR OHWR
REUDYQDYDPRNRW WHUPLQXVSRVWTXHPNDUSRPHQLGD MH
ELO LQãWUXPHQW L]GHODQ SR QMHP ,QãWUXPHQW SRQDYDGL QH
YVHEXMH EUDQLNH NL MH QDVWDOD WLN SUHG SRVHNRPGUHYHVD
VDMSULREGHODYL OHVDSRJRVWRGHOQRDOLYFHORWLRGVWUDQLMR
EHOMDYR R] OHV L] ]XQDQMHJD GHOD GHEOD 1D ,QãWLWXWX
]D ELRORJLMR OHVD8QLYHU]H Y+DPEXUJX VR GR OHWD 
UD]LVNDOL LQ GDWLUDOL YHþ NRW  JODVEHQLK LQãWUXPHQWRY
SUHGYVHPJRGDOSULP%(87,1*7UHQXWQR]DVHEQL
'HQGURNURQRORãNL ODERUDWRULM 0LFKH %HXWLQJD KUDQL åH
QDG]DSRUHGLMãLULQEUDQLNNLYJODYQHPL]KDMDMRL]
PHULWHYQDLQãWUXPHQWLK1DRVQRYLWHK]DSRUHGLMVRL]GHODOL
UHIHUHQþQHNURQRORJLMH]DUD]OLþQDJHRJUDIVNDREPRþMDLQ
SURL]YDMDOFH LQãWUXPHQWRY 8SRUDEOMDMR MLK ]D GRORþLWHY
GHQGURSURYHQLHQFH WR MH L]YRUDOHVD%HXWLQJMHV
WRPHWRGRRSUHGHOLO REPRþMDRGNRGHU MHSULKDMDO OHV ]D
]QDPHQLWHPRMVWUHNRWVR6WUDGLYDUL*XDUQHUL6WDLQHULQ
QMLKRYH GHODYQLFH 9HþLQRPD VR XSRUDEOMDOL OHV ] UDVWLãþ
YUHODWLYQLEOLåLQLNUDMHYVYRMLKGHODYQLFUDGLMRNROL
NPUHGNRSDVROHVXYR]LOLL]EROMRGGDOMHQLKREPRþLM
1DMYHþ UD]LVNDY MH ELOR RSUDYOMHQLK QD UHVRQDQþQLK
SORãþDKJRGDONLVRYYHþLQLSULPHURYVHVWDYOMHQHL]GYHKDOL
UHGNHMHL]HQHUDGLDOQHGHVNHL]UHVRQDQþQHJDOHVDVPUHNH
3LFHDDELHV /(',1(./DVWQRVWL UHVRQDQþQHJD
OHVD QLVR SRYVHP VWDQGDUGL]LUDQH %HXWLQJ  
MHY VYRMLK ãWXGLMDKXJRWRYLOGD VH]D UHVRQDQþQHSORãþH
YLROLQYHþLQRPDXSRUDEOMDOHVVVUHGQMRãLULQREUDQLN
PPWUJRYVNDNDWHJRULMD³¿QH JUDLQ´
3ROHJ GDWLUDQMD V SRPRþMR GHQGURNURQRORJLMH
ODKNR XJRWRYLPR WXGL DOL MH LQãWUXPHQW RULJLQDO DOL
SRQDUHGHN 9VDN LQãWUXPHQW LPD RELþDMQR HWLNHWR ]
QDYHGERSURL]YDMDOFD LQ OHWD L]GHODYH(WLNHWHVRSRJRVWR
SRQDUHMHQH QDSLV QD QMLK SD SRJRVWR ªREOMXEOMD© GD JD
MH L]GHODO ]QDPHQLWL SURL]YDMDOHF NRW MH QSU 6WUDGLYDUL
âWHYLOQHGHQGURNURQRORãNHãWXGLMHVRSRND]DOHGDVRELOH
HWLNHWH SRQDUHMHQH QSU %(87,1*  *5,66,12
0$<(5  6+(33$5'  &/($9(/$1'  7R MH
QDMEROMRþLWQRWDNUDWNDGDUMHGDWXPQDHWLNHWLVWDUHMãLRG
GHQGURNURQRORãNRXJRWRYOMHQHJDGDWXPD
9 þODQNX SUHGVWDYOMDPR GHQGURNURQRORãNH DQDOL]H
GYHK YLROLQ L] ]DVHEQLK ]ELUN Y 6ORYHQLML ]D NDWHUL QLVR
SR]QDOL L]YRUD ]JRGRYLQH LQ QDWDQþQH VWDURVWL 9 REHK
SULPHULK MH ãOR ]D YLROLQR ] OHSLP]YRNRP LQ REHWDYQLP
QDSLVRP QD HWLNHWL 6WUDGLYDUL R] *XDUQHUL &LOM QDãH
UD]LVNDYH  MH ELO GDWLUDWL EUDQLNH QD UHVRQDQþQLK GHVNDK
RFHQLWLNGDMVWDELOLYLROLQLL]GHODQLRGNRGMHL]YLUDOOHVLQ
SUHYHULWLDOLVRELOHHWLNHWHQDLQVWUXPHQWLKRULJLQDOQH
9LROLQDMHELODUD]LVNDQDYOHWXJOHGHQDHWLNHWR
QDMELMRL]GHODO)UDQFLVFR6WUDGLYDULL]&UHPRQHOHWD
3RNURYMHELOYHQHPNRVXL]GHODQL]UDGLDOQHGHVNHVPUHNH
3LFHD DELHV9LROLQD  MH ELOD UD]LVNDQD Y OHWX  LQ
MH YVHERYDOD GYH HWLNHWL 1D HQL MH ELOR QDSLVDQR GD MH
LQãWUXPHQWL]GHODO$QGUHD*XDUQHULL]&UHPRQHOHWD
QDGUXJLSDMHELORQDYHGHQROHWR3RNURYYLROLQHMH
ELOQDUHMHQL]GYHKVPUHNRYLKUDGLDOQLKSORãþ
9REHKSULPHULKVPRL]PHULOLGLPHQ]LMHLQãWUXPHQWD
VOLND  LQ GRORþLOL L] NDWHUH YUVWH OHVD VR ELOL L]GHODQL
UD]OLþQL GHOL 3RWHP VPR SUHJOHGDOL SRNURY LQ GRORþLOL
PHVWR ]D PHUMHQMH ãLULQ EUDQLN 3UL YLROLQL  VPR ãLULQH
EUDQLNPHULOLORþHQRQDOHYLLQGHVQLSORãþLâLULQHEUDQLN
VPR L]PHULOL ] PHULOQR PL]LFR /,17$% ] QDWDQþQRVWMR
 PP /HV VPR RSD]RYDOL SRG 2O\PSXV 6= 
VWHUHRPLNURVNRSRP VOLND PHULWYH SD VPR EHOHåLOL V
SURJUDPRP76$3:LQ.HU VR ELOH EUDQLNH R]NH LQ  VR
ELOH ]DUDGL ODND PDQM UD]ORþQH VPR PHULWYH YHþNUDW
SRQRYLOL =DSRUHGMD ãLULQ EUDQLN UD]OLþQLK PHULWHY VPR
YL]XDOQRLQVWDWLVWLþQRVLQKURQL]LUDOLLQRGSUDYLOLPRUHELWQH
QDSDNHQDVWDOHSULPHUMHQMX9QDGDOMHYDQMXVPRVHVWDYLOL
NURQRORJLMR LQãWUXPHQWD LQ MR SULPHUMDOL ] UHIHUHQþQLPL
NURQRORJLMDPL VPUHNH L]GHQGURNURQRORãNLK ODERUDWRULMHY
QD8QLYHU]LY+DPEXUJX8QLYHU]LY/MXEOMDQL8QLYHU]L
%2.8 QD 'XQDMX WHU ODERUDWRULMD ]D 'HQGURNURQRORãNH
DQDOL]HJODVEHQLKLQVWUXPHQWRYLQXPHWQLãNLKSUHGPHWRYY
+DPEXUJXWHUVNURQRORJLMDPLED]H7UHH5LQJ,QWHUQDWLRQDO
ýXIDU.%HXWLQJ0*UDEQHU0'HQGURFKURQRORJLFDOGDWLQJRIWZRYLROLQVIURPSULYDWHFROOHFWLRQVLQ6ORYHQLD 
'DWD%DVH,75'%8SRUDELOLVPRQDGNURQRORJLMLQ
RNROL]DSRUHGLMãLULQEUDQLNJODVEHQLKLQVWUXPHQWRYNL
SRNULYDMRþDVRYQRREGREMHRGGR2EGDWLUDQMX
VPR V SRPRþMR SURJUDPD76$3:LQ 5LQQ  
L]UDþXQDOL VWDQGDUGQH VWDWLVWLþQH ND]DOQLNH NRH¿FLHQW
LVWRVPHUQRVWL QHP*OHLFKOlX¿JNHLW */. WYUHGQRVW
SR%DLOOLHMXLQ3LOFKHUMX7%3LQWYUHGQRVWSR+ROOVWHLQX
7+
=DYLROLQRVOLNDVPRVHVWDYLOLNURQRORJLMRãLULQ
EUDQLNGROJROHW3RYSUHþQDãLULQDEUDQLNMHELOD
PPGRPP.URQRORJLMRLQVWUXPHQWDVPRGDWLUDOL
] YHþ ORNDOQLPL NURQRORJLMDPL GUHYHV ] ]QDQLK ORNDFLM
LQDOL LQãWUXPHQWRY ]QDQHJD SURL]YDMDOFD LQ NURQRORJLM
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